
Myeloperoxidase
Myeloperoxidase (MPO) released from azurophilic granules catalyzes the transformation of H2O2
in the presence of a halogen (Cl−) into highly toxic molecules such as HOCl−.
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Granulocytic Disorders
Faramarz Naeim MD, ... Ryan T. Phan PhD, in Atlas of
Hematopathology (Second Edition), 2018

63.2.1 Myeloperoxidase Deficiency
MPO deficiency is the most common intrinsic granulocytic functional
deficiency. It is an autosomal recessive inherited disorder involving
the MPO gene located at 17q23. MPO plays a critical role in the
microbicidal activity of neutrophils. Activated neutrophils release
MPO into the phagolysosomes or the extracellular spaces. MPO,
hydrogen peroxide, and chloride ion makeup the cytocidal toxic
mediators in infections. A secondary type of MPO deficiency has
been observed in patients with clonal hematopoietic disorders, such
as myelodysplastic syndrome and acute myeloid leukemia. The MPO
deficiency in these patients is often due to discrete chromosomal
aberrations involving the MPO gene.
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Acute Myeloid Leukemia—Overview
Faramarz Naeim MD, ... Ryan T. Phan PhD, in Atlas of
Hematopathology (Second Edition), 2018

18.2.1 Myeloperoxidase Stain
Myeloperoxidase (MPO) is a lysosomal enzyme present in
granulocytic and monocytic cells (Fig. 18.8). MPO is expressed in
neutrophilic and eosinophilic lineages in all stages of maturation, but
in basophils it is more often detected in the immature forms. The
mature basophils are usually negative for MPO. The intensity of MPO
staining is less in monocytes than in granulocytes. Erythroid
precursors and lymphocytes are MPO negative. A peroxidase
isoenzyme has been detected by electron microscopy in the dense
tubular system of platelets and megakaryocytes, but, by conventional
techniques, these cells are MPO negative.
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Figure 18.8. Immunohistochemical (A) and cytochemical (B) stains for MPO demonstrating numerous MPO-positive cells.

MPO activity declines rather rapidly. Air-dried unstained smears
should be stored at cool temperature, in the dark, and be used within
1–2 weeks.
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Evaluation of the Patient with Suspected
Immunodeficiency
Steven M. Holland, John I. Gallin, in Mandell, Douglas, and Bennett's
Principles and Practice of Infectious Diseases (Eighth Edition), 2015

Myeloperoxidase Deficiency
Myeloperoxidase (MPO, also called verdoperoxidase), the heme-
binding protein that makes pus green, catalyzes the conversion of
hydrogen peroxide to hypochlorous acid (bleach). MPO deficiency,
the most common neutrophil disorder, affects about 1 in 2000
persons but is quite silent in most cases. Neutrophil function is
affected by MPO deficiency in a variety of ways. The respiratory burst
in MPO-deficient neutrophils is prolonged and, as a result,
exaggerated amounts of hydrogen peroxide are produced.
Phagocytosis is normal to increased in MPO-deficient neutrophils,
whereas bactericidal activity is somewhat slower than normal. Killing
of Aspergillus conidia by MPO-deficient neutrophils is retarded,
whereas the combination of MPO-deficient neutrophils with CGD
neutrophils (see “Chronic Granulomatous Disease”), which are
unable to generate hydrogen peroxide but do produce MPO, results
in normal killing of Aspergillus conidia.  Pathologic sequelae of MPO
deficiency are brought out only in the presence of other impairments
of host defense, such as diabetes mellitus. A very few MPO-deficient
diabetic patients have had severe yeast infections. The
dihydrorhodamine oxidation assay, which is used for CGD diagnosis,
can be falsely abnormal in MPO deficiency.
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Acute leukemias
Reeba A. Omman, Ameet R. Kini, in Rodak's Hematology (Sixth
Edition), 2020

Myeloperoxidase
Myeloperoxidase (MPO) (Figures 31.15 and 31.16) is an enzyme
found in the primary granules of granulocytic cells (neutrophils,
eosinophils, and, to a certain extent, monocytes). Lymphocytes do
not exhibit MPO activity. This stain is useful for differentiating the
blasts of AML from those of ALL.

Interpretation
MPO is present in the primary granules of most granulocytic cells,
beginning at the promyelocyte stage and continuing throughout
maturation. Leukemic myeloblasts are usually positive for MPO. In
many cases of the AMLs (without maturation, with maturation, and
promyelocytic leukemia), it has been found that more than 80% of
the blasts show MPO activity. Auer rods found in leukemic blasts and
promyelocytes test strongly MPO positive.

In contrast, lymphoblasts in ALL and lymphoid cells are MPO
negative. It is important that the reaction only in the blast cells be
used as the determining factor for the differentiation of acute
leukemias. This is true for MPO and for other cytochemical stains
used in determining cell lineage described in this chapter: maturing
granulocytes are MPO positive; this is a normal finding and has little
or no diagnostic significance.
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Defects of Innate Immunity
Sergio D. Rosenzweig, Steven M. Holland, in Pediatric Allergy:
Principles and Practice (Third Edition), 2016

Myeloperoxidase Deficiency
Myeloperoxidase (MPO) deficiency is the most common primary
phagocyte disorder. It is an autosomal recessive disease with variable
expressivity: 1:4,000 individuals have complete MPO deficiency, and
1:2,000 have a partial defect.  Myeloperoxidase catalyzes the
conversion of H O  to hypohalous acid. In those MPO-deficient
patients who have had clinical findings, infections caused by different
Candida strains were the most common: mucocutaneous, meningeal
and bone infections, as well as sepsis, have been described.
Diabetes mellitus appears to be a critical co-factor for Candida
infections in the context of MPO deficiency. A definitive diagnosis is
established by sequencing of the MPO gene, neutrophil/monocyte
peroxidase histochemical staining or specific protein detection. There
is no specific treatment for MPO deficiency; diabetes should be
sought and controlled, and infections should be treated.
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Inflammation Friend or Foe?
Thomas J. Lewis PhD, Clement L. Trempe MD, in The End of
Alzheimer's (Second Edition), 2017

Myeloperoxidase
Myeloperoxidase (MPO) is a peroxidase enzyme. MPO is most
abundantly expressed in neutrophil granulocytes (a subtype of white
blood cells). It is a lysosomal protein stored in the neutrophil. MPO
has a heme (blood like) pigment, which causes its green color in
secretions rich in neutrophils (immune cells that can destroy
pathogens), such as pus and some forms of mucus.

Recent studies have reported an association between
myeloperoxidase levels and the severity of coronary artery disease. It
has been suggested that myeloperoxidase plays a significant role in
the development of the atherosclerotic lesion and rendering plaques
unstable. Again, inflammation is implicated in atherosclerosis and
plaque buildup, thus a connection between inflammation and
myeloperoxidase clearly exists.

A Cleveland Clinic Foundation 2003 study suggested that MPO could
serve as a sensitive predictor for myocardial infarction (heart attack)
in patients having chest pain [35]. Since then, there have been over
100 published studies documenting the utility of MPO testing. Most
recently, a Canadian group reported that elevated MPO levels more
than doubled the risk for cardiovascular mortality over a 13-year
period, and measuring both MPO and CRP provided added benefit
for risk prediction than just measuring CRP alone [36].

Alzheimer’s, Parkinson’s, and MS all have a MPO connection. In an
article by Texas scientists titled, Microglia and myeloperoxidase: A
deadly partnership in neurodegenerative disease, the authors reiterate
the connection between these diseases and inflammation [37]. “The
presence of [MPO] in these diseased brains has been reported by a
number of investigators,” they stated. They also believe that MPO is
involved in the perpetuation of inflammation and is a likely target for
treatment. This has yet to be proven, and MPO should be viewed as a
marker for inflammation, rather than a target, pending more
definitive research. However, with an association between MPO,
cardiovascular disease and Alzheimer’s illuminated, it makes sense to
perform both the MPO and CRP tests together, to get a better picture
of current or future disease risk. If an MPO and CRP combination
test is more instructive compared to a single test, imagine the
diagnostic power of combining more of these tests into your health
portfolio.
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Cardiac Markers
Amitava Dasgupta PhD, DABCC, Amer Wahed MD, in Clinical
Chemistry, Immunology and Laboratory Quality Control, 2014

8.10 Myeloperoxidase
Myeloperoxidase (MPO) is a leukocyte enzyme. Initial studies showed
significantly increased MPO levels in patients with angiographically
documented coronary artery disease. In patients presenting to the
emergency department with chest pain, elevated MPO levels
independently predicted increased risk for major adverse cardiac
events, including myocardial infarction, reinfarction, need for
revascularization, or death at 30 days and at 6 months. Among the
patients who presented to the emergency department with chest pain
but who were ultimately ruled out for myocardial infarction, an
elevated MPO level at presentation predicted subsequent major
adverse cardiovascular outcomes. MPO may be a useful early marker
in the emergency department based on its ability to detect plaque
vulnerability that precedes acute coronary syndrome.
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Diabetes
Daniel Y. Li BSc, W.H. Wilson Tang MD, in Glucose Intake and
Utilization in Pre-Diabetes and Diabetes, 2015

Myeloperoxidase
Myeloperoxidase (MPO) is a tetrameric, heavily glycosylated
inflammatory enzyme whose first recognized clinical role was in the
contribution to the innate immune system [84]. MPO is released
from polymorphonuclear neutrophils and macrophages and
functions to form different reactive oxygen species. This enzyme is
released into the extracellular fluid compartment during
inflammatory conditions and can be found in ruptured
atherosclerotic plaques [85,86]. Furthermore, higher concentrations
of MPO-producing inflammatory cells can be found in the
atherosclerotic lesions of patients with acute coronary syndrome
(ACS) compared to those with stable disease [87,88]. Studies have
demonstrated that MPO contributes to the progression of
atherosclerosis by oxidizing lipids and inactivating the bioavailability
of nitric oxide [89]. Circulating levels of MPO are able to cross artery
walls and elicit structural changes of the endothelial walls from the
subendothelial matrix. In atherosclerosis, MPO is believed to play a
key role in the degradation of the collagen layer of atheromas, which
then leads to the erosion and subsequent rupture of plaques [90]. A
wide spectrum of MPO’s actions in human health, such as infection
or other inflammatory processes, has been described. This enzyme
has been shown to correlate significantly with other established
markers of inflammation, including IL-6, CRP, TNF-α, and WBC [91].
The secretion of MPO does not require cellular necrosis or
mechanical activation, suggesting that it may be detected earlier in
the disease process [92]. This property of MPO makes it a promising
sensitive maker of plaque instability and endothelial dysfunction.

One of the most common assays to measure MPO concentration
(rather than activity) is the MPO sandwich immunoassay for plasma
MPO measurements [93]. This is a relatively novel assay made
available for clinical use. Nevertheless, there is still a lack of
standardization among the field. The cutoffs applied in current
studies of MPO have been varied and could be one explanation for
some of the disparate clinical findings. This raises the need for an
independent, peer-reviewed evaluation of the analytical performance
of MPO in clinical use. MPO concentrations remain relatively stable
in heparin samples stored on ice, but can be lower when stored in
EDTA or citrate tubes [94]. Furthermore, storage of MPO at room
temperature for 2 h can lead to a fourfold increase in MPO
concentrations. Therefore, it is also important to scrutinize the effect
of MPO handling on the interpretation of results.

Patients with coronary artery disease (CAD) have raised MPO levels
compared to patients without atherosclerosis seen on coronary
angiography. In this first epidemiological study conducted to assess
the association between MPO and CAD, Zhang et al. found that
leukocyte and blood-MPO levels from patients with established CAD
were independently associated with significant increased risk of CAD
even after adjustment for traditional risk factors [90]. Further studies
observing patients with stable CAD compared to those with ACS saw
increasing levels of MPO, which reflects the spectrum of acuity of
CAD. Ndrepepa et al. demonstrated that higher serum MPO was
associated with progression from stable CAD to non-ST-segment
elevation ACS and to acute MI with the lowest MPO levels in patients
with stable CAD and highest in patients with acute MI [95]. Although
prior data from smaller trials suggest that the diagnostic
performance of MPO for acute MI was inferior to cardiac troponins
(cTns) with 88% sensitivity and 32% specificity, another cohort of 604
patients presenting with symptoms suggestive of ACS demonstrated
more positive results [96–98]. Brennan et al. demonstrated that even
in the absence of positive troponin, baseline MPO levels in these
patients are predictive of major adverse cardiovascular events
(MACEs) at 30 days and 6 months after initial presentation with chest
pain. The diagnostic value of MPO, though still lower than cTn for
diagnosis of MI, was comparable for diagnosis of ACS and much
better for unstable angina [96,97].

The establishment of MPO levels and the presence of CAD led
investigators to further explore the role of MPO in patients
presenting with ACS. Another finding from Brennan et al. showed
that MPO levels could also identify patients at risk for cardiac events
in the absence of abnormal troponin levels at presentation [99]. The
CAPTURE study studied a larger cohort of 1090 patients and came to
similar conclusions. Their study saw that in patients with low
troponin-T levels, elevated MPO levels were identified to be a
subgroup with significantly increased adverse risk [100]. In the c7E3
Fab Antiplatelet Therapy in Unstable Refractory Angina (CAPTURE)
trial, those above an MPO cutoff of 350 μg/L had a hazard ratio of
2.25 for 6-month incidence of death and acute MI independent of
other markers such as CRP and cTn). Additional studies from Morrow
et al. and Mocatta et al. further demonstrated that the predictive
ability of MPO is also independent from NT-proBNP [96,101].

Increased evidence for risk stratification in different population
cohorts using MPO has also been demonstrated. Tang et al.
concluded that plasma MPO provides independent prognostic value
for the prediction of long-term MACE in stable CAD patients [102].
The individuals with increased CRP but concomitantly low MPO
levels had lower risk of MACE compared to those with both markers
observed to be high. In another study, Tang et al. compared the MPO
levels of chronic systolic heart failure patients with a control group
through a cross-sectional study. The plasma MPO levels in patients
with chronic systolic heart failure were significantly elevated
compared to those of the healthy control group [103]. Furthermore,
Tang et al. has also been able to correlate plasma MPO levels with
echocardiographic indices of systolic and diastolic heart failure [104].
These studies provide clinical evidence that MPO-generated cytotoxic
products could be linked to ventricular remodeling that had
previously been described in animal models. Other studies of heart
failure patients have tied plasma MPO magnitude with an increased
likelihood of more advanced heart failure and overall increased
specificity in screening for patients with systolic heart failure [105–
107]. Finally, MPO has also demonstrated importance in the
evaluation for CVD in apparently healthy subjects. One of the largest
studies is the EPIC-Norfolk Prospective Population study. In their
case–control study, healthy patients who developed CAD in 8 years of
follow-up were observed to have higher baseline MPO levels
compared to control subjects who had not developed CAD [108].
These observations were independent of CAD risk factors, and further
demonstrated on individuals whose CAD risk was intermediate based
on Framingham risk score calculations by another group. MPO levels
in healthy subjects were also found to be associated with developing
heart failure. In 3733 healthy elderly patients who were followed for 7
years, Tang et al. demonstrated that those in the top quartile of MPO
levels had an increased risk for developing heart failure [107].

Evidence has accumulated for the usefulness of MPO as both a
diagnostic and prognostic marker in macrovascular disease.
However, conflicting results also exist. Studies from different groups
have observed no additional diagnostic significance of MPO when
added to cTns or similar sensitivities but decreased specificity
[109,110]. Other groups have found no significant relationship
between MPO and MI or independent associations with MPO and
mortality in long-term follow-up [111–113]. In order to better
understand MPO’s role as a marker, it is important for more studies
to examine the beneficial impact of MPO-guided therapeutics. A
2011 study from Ndrepepa et al. looked at the impact of beta
blockers, angiotensin-converting enzyme inhibitors (ACEis), and
statins on levels of MPO [114]. The group observed MPO-lowering
effects by all three drugs but only in patients with ACS and not stable
CAD. Many smaller studies have been performed on the effects of
medications on MPO levels. However, larger clinical studies must be
performed to assess the role of MPO as a measure of treatment
efficacy or even as a potential therapeutic target.

The role of MPO as an inflammatory mediator in diabetes has not
been extensively studied (Table 21.3) [115–119]. Observational studies
have seen significant increases of MPO in the serum of CAD patients
with T2DM compared to those without [120,121]. Other studies have
ranged from seeing mild increases in serum MPO of diabetic
smokers with mild stable angina to observations of increased MPO in
diabetic patients with or without CAD compared to controls or even
reduced levels of MPO in patients with T1DM compared to controls
[122–124]. In a recent multimarker study of patients across glycemic
status from Tang et al., though MPO levels were slightly higher in the
diabetes subgroup, MPO remained an independent predictor of 3-
year MACE even after adjusting for the presence of DM [125]. The
knowledge of MPO’s role as a useful biomarker in the setting of
diabetes still requires additional study. However, the diagnostic and
prognostic potential of MPO demonstrated in patients with a variety
of CVDs makes it an important focus for future studies in the
cardiovascular risk stratification of diabetes patients.

Table 21.3. Summary of Selected Studies Investigating the Prognostic Abilities of MPO

CAD Baldus et
al.

1090 6 months 350 μg/L HR 2.11 [100]

Brennan
et al.

604 30 days–6 months 198 pM OR third quartile
4.2, fourth quartile
4.1

[99]

Cavusoglu
et al.

193 24 months 20.34 ng/mL 88% MI-free
survival below
cutoff vs. 74%

[98]

Apple et
al.

457 4 months 125.6 μg/L No difference in
mortality

[115]

Morrow et
al.

1524 30 days–6 months 884 pM 30 days OR 2.1 but
6 months OR 1.15

[96]

Mocatta et
al.

668 5 years 55 ng/mL
patients
39 ng/mL
control

OR 1.8 [101]

Nicholls et
al.

490 6 months 640 pmol/L OR 2.4 highest vs.
lowest quartile

[116]

Scirica et
al.

4352 1 year 670 pmol/L No difference in
predictive ability

[117]

Rudolph
et al.

1818 30 days–6 months 562–
1070 pM

30 days HR 1.325
but 6 months HR
1.009

[118]

Kaya et al. 119 2 years 68 ng/mL OR 3.843 [119]

Stefanescu
et al.

382 3.5 years 52.6–
75.0 μg/L

OR 1.96 but HR
1.06 not an
independent
correlate of
mortality

[110]

Tang et al. 1895 3 years 322 pmol/L HR 1.71 [102]

Healthy Meuwese
et al.

3375 8 years 728 pmol/L OR 1.49 highest
vs. lowest quartile

[108]

CAD, coronary artery disease; OR, odd ratio; other abbreviations as in Tables 21.1 and 21.2.
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Phagocyte Deficiencies
Steven M. Holland, Gülbü Uzel, in Clinical Immunology (Fifth
Edition), 2019

Primary MPO Deficiency
Primary MPO deficiency is the most common phagocyte defect with
a frequency of 1/4000. Both total and partial MPO deficiencies have
been described. Patients with primary MPO deficiency do not usually
have increased infections, probably because MPO-independent
mechanisms compensate for the lack of MPO-dependent
microbicidal activity. Visceral candidiasis occurring with concurrent
diabetes has been reported in some patients. However, the frequency
of such cases is very low. Affected individuals may develop nonfungal
infections, malignancies, and certain skin disorders. In several
cohorts of patients with complete MPO deficiency, an increased
incidence of solid or hematological tumors has been observed.
MPO-deficient neutrophils have no apparent defect in the
phagocytosis of bacteria or fungi, but microbicidal activity is slower
than normal. MPO-deficient neutrophils are severely impaired in
killing Candida spp. or Aspergillus spp. in vitro despite the fact that
most patients with MPO deficiency do not develop significant fungal
infections. This suggests that the mucosal barrier to fungal infection
is independent of MPO activity and is able to prevent invasive
infection.

The most common mutation is a missense replacement of arginine
569 with tryptophan (R569W), causing maturational arrest of the
MPO precursor and preventing heme incorporation. Most patients
are compound heterozygotes. The diagnosis of MPO deficiency is
made by using anti-MPO monoclonal antibodies (mAbs) in flow
cytometric analysis of neutrophils. No MPO expression is seen in
congenital deficiency, whereas near-normal antigenic reactivity may
be seen with the acquired form.  Maintenance antibiotic or
antifungal therapy is not routinely recommended. Prompt and
prolonged therapy is advised in patients with diabetes mellitus and
congenital MPO deficiency, as they may develop localized or systemic
infections.
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